A dramatic population growth is projected for the least developed countries of the world (United Nations 2013), which will also suffer disproportionally from ongoing and predicted climate disruptions (IPCC 2013) . More frequently occurring extreme weather events have led to yield losses and decreasing cattle populations-aggravating an already precarious situation and leading to critical food shortages. Food security is a function of food availability, food accessibility, food stability and food utilisation (FAO 2002; Ziervogel and Ericksen 2010) . Climate change and population growth are seen as key drivers of food insecurity severely affecting farming systems Haberl et al. 2011 , Strengers et al. 2010 , as well as the global energy demand and therefore induced biofuel production (Von Braun 2007a), changing trade patterns through liberalisation and globalisation (Von Braun 2007b; Lotze-Campen et al. 2010) , and the state of health of the population (10-20 % AIDS rate in East Africa). Causeeffect chains, in which food security is involved (droughtsdiseases-health-human capital), are also drivers over large regions (Ziervogel and Ericksen 2010) . Most of these drivers do not only lead to a productivity decline, but also often result in a degraded natural resource base and declining soil fertility (Graef et al. 2000) . Rapidly changing framework conditions (Müller 2011 ) require a thorough understanding of integrated food systems and targeted incorporation of region-specific innovations.
However, creating a sustainable road map for the future is a huge challenge for a variety of reasons. Mainly rainfed, subsistence-oriented smallholder farming systems are not only extremely vulnerable to a changing and unpredictable climate, but often also lack access to external inputs, institutional support and adaptive capacity. Moreover, food insecurity is often regarded as insufficient food availability which is only part of the picture. Instead of solely focussing on boosting crop yields, the highly complex state of vulnerability needs to be addressed encompassing economic and sociopolitical factors (Misselhorn 2004; Pretty et al. 2006) . Also, increased bioenergy production has fuelled land use conflicts and lead to largescale deforestation due to the growing international demand for biofuels. Biomass is still the primary source of energy in developing countries-important for income, energy supply, poverty reduction and self-sufficiency of rural communities (Harvey and Pilgrim 2011; Mitchell 2011; Tilman et al. 2009 ). Effective climate change adaptation and food security intervention strategies need to pursue a holistic approach and an array of objectives: social and economic viability, soil health, minimum use of scarce water and fossil energy, affordable and low external inputs, improvement in infrastructure and market access, as well as conservation of natural resources and biodiversity. To achieve positive impacts and sustainable solutions, international research projects increasingly focus on integrated in-depth analysis of the food system itself and its core elements: (a) natural and human resources, (b) the use of Disclaimer The views expressed are purely those of the authors and may not in any circumstances be regarded as stating an official position of the European Commission.
& Götz Uckert goetz.uckert@zalf.de production inputs, (c) the safety and quality of food produced, (d) the consumption patterns and (e) functioning of local and global markets (Foley et al. 2011 ). This analysis needs to cover specific cultural, political, social, ecological and economic aspects. The involvement of local stakeholders and consideration of site-specific conditions is of paramount importance for sustained success (Below et al. 2012; König et al. 2012; Reed et al. 2009 ).
In this special issue, we present results from research projects in Tanzania. The East African country has experienced very high population growth: a rate of 2.7 % since 2002 (National Bureau of Statistics 2013). Despite overall positive developments in the past years, a large amount of the population faces extreme poverty. About 75 % live in rural households, which constitute 80 % of the country's poor (World Bank 2013) . Smallholder farmers dominate the country's agriculture, which is the main source of employment and livelihood for about 77.5 % of the population. But despite its critical role for the population, the agricultural sector does not prosper and has not performed satisfactorily (Ministry of Agriculture, Food Security and Cooperatives 2013). Tanzania still is a very low-income country ranking 152 out of 186 countries in the 2012 UNDP Human Development Index and among those African countries with the highest levels of malnutrition (Pauw and Thurlow 2011) . Forty-two per cent of children aged under 5 years are stunted (WFP 2013) . Climate change is one driver of food insecurity and poses a serious risk to Tanzania. Modelled climate change scenarios consistently predict increases in country's averaged mean temperatures of 1.3 and 2.2°C projected by 2050 and 2100 (Agrawala et al. 2003) . However, projected trends in precipitation and its impact on crop yields seem uncertain (Kilembe et al. 2012) . Furthermore, food supply systems of Tanzania are increasingly connected to other biomass production systems such as feed, biofuel and construction wood (Mnenwa and Maliti 2010). These production systems are based on complex and multiple interactions and interrelations among a wide range of different biotic and abiotic resources as well as socio-economic and cultural parameters (USAID 2008). They provide food and energy, also generating income. However, if the food and energy value chains are not developed properly, the effects may include increased food prices and reduced supply (Foley et al. 2011) , displacement of vulnerable people from productive land and various negative environmental impacts (Thornton et al. 2006) .
In this special issue, we focus on the tools, methods and approaches that will be needed to meet the challenge of adaptation to climate change supporting decision-making for a sustainable development. We also apply integrated analyses to improve the food situation at the local-level and upscale successful upgrading strategies. Against this background, this special issue presents results of four research projects in Tanzania, which were mainly aimed at
• reducing the vulnerability of rural households to climate change and enhancing livelihoods, • exploring the conflict between bioenergy, food production and forest conservation, • creating tools to identify and implement appropriate adaptation and upgrading strategies, • assessing the regional impacts of climate change on agriculture and environment, • and, ultimately, improving the adaptive capacity of smallholder communities.
In order to raise acceptance of sustainable adaptation measures in response to climatic changes, it is essential to assess farmers' knowledge on the risks that they are facing and the multi-dimensional factors influencing that perception. Below et al. (2014) analysed the agricultural adaptation context in two Tanzanian villages with different agro-ecological conditions employing the newly developed agricultural adaptation and perception model (AAP). Empirical data were collected and coded along five dimensions: non-climatic determinants of vulnerability (1), general trends in livelihood strategies (2), perception of climatic trends (3), climate impacts in agriculture (4) and potentials and obstacles for adaptation (5). Farmers identify poor and unreliable rainfall as significant agricultural stressor along with poor extension services, lack of fertile land and inputs, problems of pests and diseases and poor access to markets. Although the participants of the focus group discussions agree that climatic conditions have become more challenging over the last few years, the results show that adaptation levels as well as perceptions and narratives about climatic and yield dynamics differ considerably among the two farming communities. Perceptions in rural communities are heterogeneous and similar changes in external climatic stressors can lead to very different local impacts. Consequently, the authors stress that for improving food security in the face of climate change, farmers' perceptions and the multi-functionality of agricultural systems need to be explicitly recognised and detailed vulnerability assessments are of paramount importance.
Energy is a vital component in the quality of life of rural communities. In developing regions, access to adequate biomass is crucial, especially as primary source of energy for cooking. However, increasing pressure on natural resources related to population growth leads to land use changes with a potentially devastating impact on the environment and climate. Hoffmann et al. (2014a) analysed the firewood and charcoal consumption patterns of villagers in Laela, Western Tanzania, and examined how introducing a specific firewood-reliant efficient stove technology would affect energy consumption for the years 2015 and 2030. The results show that poorer households are highly dependent on firewood, while charcoal consumption is largely limited to higher-income classes. Furthermore, the results provide evidence that the use of efficient stoves can substantially reduce energy consumption in the mid-to-long term. In light of these findings, the authors suggest income-group-specific distribution of efficient stoves in order to optimise energy savings.
In a second paper of Hoffmann et al. (2014b) , the research team focused on the impacts of biofuel production for rural electrification on development and food security in the village of Laela in Western Tanzania. Based on a village survey, focus group discussions and expert interviews, the potential food security effects on four different economic types of farmer groups were calculated. The objective of the analysis was to evaluate the potential use of locally produced sunflower and groundnut oils as substitutes for fossil fuels for the production of electricity. The results show that the replacement of food crops with crops producing biofuel will most likely impact local food security negatively and does not contribute to human wellbeing in the selected village. The authors conclude that energy self-sufficiency of African income-diverse rural communities without compromising the food supply is a desired state but remains a big challenge. Faße and Grote (2013) examined the role of Jatropha curcas in the livelihood of smallholder farmers in Tanzania. The oil of Jatropha can be converted into biodiesel making it a suitable bioenergy plant, but it is also cultivated as a supporting plant for spice production. To explore its role in rural households' livelihood strategies, a factor, cluster and a regression analyses were conducted using household data from a village in eastern Tanzania. Three different livelihood strategies were identified: (1)''subsistence farm households combined with unskilled wage employment'', (2)''farm households highly specialised in cash crop production'' and (3)''farm households specialised in cash crop production combined with skilled off-farm employment''. The results show that Jatropha is used as a host plant for black pepper and vanilla for income generation, with households from cluster 3 having the highest income from cultivation of Jatropha/spices. However, for poorer households, the share of income from Jatropha/ spices has been quite significant with up to 30 %. Also, with respect to environmental outcomes, it was indicated that farm households from the third cluster are able to manage their farms more sustainably compared with clusters 1 and 2 (e.g. measures against soil erosion, voluntary forest protection). Human and financial capital, transaction costs and institutional factors are identified as explanations for differences in the livelihood portfolios. The results underline the importance of agroforestry for small-scale farmers and differentiating households according to their livelihood strategies for targeted interventions.
In their paper, Winter et al. (2014) address the challenges associated with rapid population growth and correspondingly increasing energy needs in sub-Saharan Africa, leading to the depletion and degradation of forest ecosystems. In particular in Eastern Africa, forest products sustain the livelihoods of the rural population by generating income, food security and energy. A computable village model was developed to analyse the impact of alternative resource management strategies on local income distribution and resource use over the long term, exploring the example of the Kakamega forest. The model results confirm the importance of forest goods and services as source of income for poor rural people. They further indicate that the feasibility of sustainable forest management depends on the establishment of alternative energy systems in rural communities, such as small-scale Jatropha production.
The global demand for palm oil is spiralling and associated with further deforestation leading to loss of biodiversity, exacerbating climate change and other negative externalities. Intensification strategies are required that avoid land use changes. Uckert et al. (2015) explored the situation in the Western Tanzanian province of Kigoma where palm oil production is dominated by small-scale subsistence farming systems that are characterised by low productivity and low yields. The palm oil trees (POTs) are mainly used for producing cooking oil and as source of firewood. By conducting stakeholder interviews, focus group discussions and a household survey, they analysed production and processing methods evaluating existing best practices and identifying factors which may have a positive impact on production levels. The results indicate large differences between output levels resulting from processing technologies and/or agricultural management practices (e.g. using hybrid varieties, sub-optimal planting densities and low weeding or organic fertilising inputs). Consequently, the authors call for action to raise farmers' willingness to adopt new forest-farming systems. They suggest that the productivity of small-scale palm oil production systems could be improved by a variety of measures like mixed cropping, unproductive POT replacement strategy and general intensification of plant maintenance. Also, a shift from subsistence to sustainable and market-orientated production may generate income opportunities for farmers. This, however, requires development along the entire value chain to ensure that obstacles concerning transport, processing and marketing or quality management are minimised. Mutabazi et al. (2015a) systematically analysed the determinants of poverty and vulnerability of farmers in rural semi-arid areas with varying agro-ecological potentials in the context of climate change. The data were collected through a cross-sectional survey covering 240 households in six villages of Morogoro region, Tanzania, as well as descriptive and econometric approaches. Results indicate that income poverty was generally prevalent in the study area, but relatively higher in the area with less favourable agro-climate. Correspondingly, over three quarters of the sample households were vulnerable. Identified drivers include ageing and large size of the household. In contrast, farming experience and increased farm size reduced the probability of future vulnerability. In response to these findings, the authors conclude that (1) climate change will further adversely affect the poor and vulnerable already living under unfavourable climatic conditions, (2) old-age related poverty and vulnerability must be addressed through dedicated policies and programs (e.g. pension schemes), (3) increasing the farm size would enhance smallholder farm income (within the resource limits of the household), and (4) improving rural income through targeted activities will enhance the living standard and build livelihood resilience.
In a second paper of Mutabazi et al. (2015b) the group of authors identify a set of resilience-building adaptive strategies such as intensification, diversification, alteration, migration among farmers in Morogoro, Tanzania. It crafts a composite index of these strategies using a principal component analysisbased weighting scheme. The analysis reveals the latent structure and internal correlations of actions intended to build resilience of the farming systems. The results highlight the need of enhancing livelihood resources to enhance the ability to undertake adaptive strategies that denotes the ability to withstand stresses and shocks from climatic changes. The authors require that actions to improve human capital, social capital, financial capital and natural capital are needed in order to impart resilience to the farming systems against the changing climate.
A rapidly growing population puts pressure on water resources. Natkhin et al. (2013) investigated the reasons for the changes in the run-off characteristic of the Ngerengere River in Tanzania during recent years. Using a combination of statistical analysis and modelling, they identified changes in land use and climate boundaries as causes, although they do not have a uniform effect on discharge in the catchment. Changing land use affects surface run-off and increases floods in the mountainous areas. Changes in climate boundaries increase the duration of low flow and no flow in the catchment. Interestingly, changes in climate conditions and land use had antipodal effects on parts of the discharge regime and partially compensate for each other. Sieber et al. (2015) address the need and challenge of spreading existing climate-resilient sustainable agricultural (CRSA) practices by replicating successful ones in other locations (Scaling-up). In their paper, they evaluate different tools that can assist the scaling-up of CRSA practices and present an integrative assessment tool, ScalA (Scaling up Assessment Tool). Case studies from Morogoro, Tanzania showcase the tool's capacity in assessing the potential (in scaling-up) of an array of CRSA practices in one region and one specific CRSA practice in various regions. The analysis starts with an assessment of the project's ecologic/economic/social sustainability as a precondition for further scaling-up (step 1), which is followed by a an assessment of a project's effects on adaptive capacity (step 2) and resilience to climate change (step 3), employment of adaptation strategies (step 4) and greenhouse gas mitigation effects (step 5). The next step (6) ensures that only feasible project approaches meeting basis criteria for implementation are considered for scaling-up. The tool then reviews the importance of financial, human resource, institutional and infrastructural preconditions for successful implementation and scaling-up of the project approach (step 7). The last step (8) makes sure that the project approach does not deviate from a scaling-up situation. The authors conclude that the step-by-step methodology of the ScalA tool is fairly easy to apply and interpret, and although there is room for improvement and further development, it may help to successfully facilitate decision-making processes among policy makers, as well as practitioners at community level concerned with the planning and monitoring of implementation processes for CRSA practices.
The papers here focus on the need for participatory, transdisciplinary and integrated research to deal effectively with the challenges associated with adaptation to climate change and stabilisation of food security. To cope with the changing conditions in Tanzania, profound knowledge of the local and regional environmental and socio-economic systems is required for decision-making, for instance, on long-term conservation of natural resources (König et al. 2012) , and on adequate technologies and strategies to ensure food security (Graef and Haigis 2001; Waha et al. 2013; Ziervogel and Ericksen 2010) . Trade-off food system analysis of the limited resources and human factors testing site-specific approaches are therefore one requirement for mid-and long-term improvement in the livelihoods of food-insecure Tanzanians. Here a vital element is the participatory involvement of existing local knowledge on good practices in a people-centred approach with both local population and institutions (König et al. 2012; Reidsma et al. 2011; Ziervogel and Ericksen 2010) . At the same time, it needs to be combined with the major national Tanzanian political programmes on food security-the Agricultural Sector Development Strategy (ASDS), the Agricultural Sector Development Programme (ASDP), the overall National Strategy for Growth and Reduction of Poverty (NSGRP)-and with international African political and/or development programmes such as the New Partnership for Africa's Development (NEPAD). Hence, new approaches and solutions in conducting research are required along with innovative collaboration with administration, institutions, stakeholders and other carriers of knowledge (Hounkonnou et al. 2012) .
